granulomas around parasite eggs trapped in the liver. These granulomas attained peak size about 9 weeks after infection and then spontaneously regressed. This regression was also induced by the injection of serum immunoglobulin Gl but not lymphoid cells from chronically infected mice, but it was conceivable that lymphoid cells from mice infected for 10 weeks could also induce regression. We investigated the possibility of cellular suppression of egg antigen-induced immune responses by coculturing spleen cells from 5-to 6-week-infected mice with spleen cells from mice infected for 10 weeks or longer. Mitomycin C-resistant Thy 1.2+, Lyt 2.2+ splenic T cells from mice infected for 10 to 25 weeks consistently suppressed the egg antigen-stimulated proliferation of spleen cells from 5-to 6-week-infected mice. Suppression was dependent upon specific antigen and optimal concentrations of egg antigen and T suppressor cells. Once induced, the suppressor cells were nonspecific. Cultured T cells from uninfected mice also occasionally suppressed the acute spleen cell proliferative response, but these cells were mitomycin C sensitive. These in vitro observations suggest that granulomatous inflammation in vivo may also be down regulated by suppressor T cells and that these cells may also be implicated in the nonspecific depression of cellular and humoral responses to antigens observed during the course of this infection.
In schistosomiasis japonica, granulomatous inflammation occurs around the parasite eggs trapped in the liver. This lesion results in obstruction of the portal blood flow, elevation of portal pressure, and esophageal varices, the major morbid sequelae of both human and murine infections. In C57BL/6J mice infected with Schistosoma japonicum there is spontaneous down regulation, termed modulation, of both the granulomatous inflammation and the portal hypertension about 8 to 10 weeks after infection, resulting in their survival for at least 30 weeks (7, 23) . Temporally correlated with this spontaneous modulation of granulomatous inflammation and portal hypertension are parallel decreases in both immediate and delayed hypersensitivity reactions to soluble egg antigen (SEA) and in SEA-induced proliferation and immunoglobulin synthesis by the spleen cells (SC) of these animals (11) . It was also shown that the adoptive transfer of immunoglobulin Gl (IgGl) prepared from the sera of mice infected for 30 weeks to acutely infected recipients reduces granulomatous inflammation in vivo (23) and proliferative responses in vitro (12) . In addition there was nonspecific depression of T-cell (concanavalin A) and B-cell (lipopolysaccharide) mitogenic responses (11) and of cellular and humoral immunity to injected myoglobin (10) in infected mice. Recently, human T cells of the Leu 2a+3a-phenotype were shown to block in vitro human T-cell proliferation induced by S. japonicum adult worm antigen, suggesting that T-suppressor cells play a role in the human disease (21) . These human T-suppressor cells were mitomycin C resistant.
In a previous study (23) (12) and of both granulomatous inflammation and portal hypertension in vivo had been observed (23) . SC were tested throughout the course of this infection for their capacity to reduce this proliferative reaction, with particular emphasis on cells taken from infected animals at the time of their maximum modulation of the disease, i.e., 10 to 20 weeks. Inasmuch as a number of studies (2, 9, 14, 20, 24) showed that culture of normal murine SC generated suppressor cells for humoral and cellular immune responses, normal SC or T cells were used as controls.
The data obtained in this study show that there is a population of Thy 1.2+, Lyt 2.2+, mitomycin C-resistant T cells in the spleens of mice infected for 10 to 25 weeks which inhibits the in vitro SEA-induced proliferative response of SC from acutely infected mice. (2, 9, 14, 20, 24) . Therefore, splenocytes from normal mice were also cocultured with SC from acutely infected animals. In icantly diminished SC proliferative responses to T-(concanavalin A) and B-(lipopolysaccharide) cell mitogens (11) as well as significantly decreased cellular and humoral immune responses to injected Mb (10) . On the other hand, in this study, it was shown that induction of splenic suppressor cells was antigen specific. It was, therefore, of interest to determine whether the splenic cells of chronically infected mice would suppress the proliferative response to these Tand B-cell mitogens as well as the proliferation induced by a noncross-reactive antigen, Mb. We utilized SC from normal mice primed both with SEA and Mb and then stimulated to proliferate by the addition of specific antigens. SEAstimulated (line 6) T cells from chronically infected mice inhibited both the SEA-and Mb-induced proliferative responses ( plates and their possession of the appropriate Thy and Lyt markers. Suppression was not affected by pretreatment of the suppressor cell populations with mitomycin C. Suppression by both unfractionated splenocytes and the cells from infected mice was nonspecific; these cells also inhibited the proliferation of Mb-primed SC stimulated by Mb.
Our data are consistent with several features of the suppressor cell cascade which have been described for the NP (4-hydroxy-3 nitrophenyl acetyl) system (8) . In the NP system there is a cascade of cellular events resulting in the induction of Lyt 2+ Ts3 suppressor cells which mediate nonspecific suppression of contact sensitivity to NP. Presumably the Lyt 2+ cells in the S. japonicum system correspond to the Ts3 cells in that they are specifically induced by SEA but are then nonspecific in their effects upon the Mb-induced proliferation of Mb-primed SC (Table  4) . However, our data do not exclude the possibility that in addition to Ts3 lymphocyte-mediated suppression there is a Tsl lymphocyte-macrophage pathway for nonspecific suppression (27) . Upon activation, Ts3 release a soluble factor, TsF3, which after binding antigen, mediates nonspecific suppression of contact sensitivity. It is reasonable to presume that the Lyt 2+ cell in the S. japonicum system corresponds to the Ts3 cell in that it is specifically induced by SEA but is nonspecific in its effects upon the Mb-induced proliferation of Mb-primed SC (Table 4) . In this pathway Tsl cells elaborate a soluble suppressor factor which arms macrophages. The armed macrophages are then stimulated to produce a nonspecific soluble suppressor factor.
The suppressor cells generated upon culture of normal splenic SC or T cells were also Thy 1.2+ and Lyt 1.2+, but in contrast to those generated from the spleens of infected mice, they were mitomycin C sensitive. Thus, these cells are also T cells, in contrast to a report that suppressor cells from normal spleens are macrophages (28) . However, the mitomycin C experiments show a fundamental difference in the suppressor cells generated from these two sources; presumably the normal suppressor cells depend upon mitosis for their generation, whereas the cells from infected mice do not. The lack of a requirement of the latter for mitosis is also consistent with the presence of fully induced Ts3 suppressor cells in the spleens of infected animals. These observations are reminiscent of previous observations (20) that suppression in in vitro-induced cell-mediated cytotoxicity upon culture of tormal T cells was abrogated by mitomycin C, whereas suppression by alloantigen-primed suppressor cells was resistant to this treatment.
The finding in an occasional experiment that suppression occurred in the absence of added SEA does not preclude a role for SEA in suppression since we recently showed that SEA persists in the spleens of infected mice for at least 5 months after infection (29) ; therefore, SC preparations from chronically infected mice would be expected to contain some endogenous SEA, presumably in association with dendritic cells (30) .
The nonspecificity of suppression in vitro is in keeping with our previous observations of reduced humoral and cellular immunity to injected Mb in S. japonicum-infected tnice (10) . However, the responses of SC to T-and B-cell mitogens were also depressed in the course of this infection (11) , but these responses were not depressed by T cells from chronically infected mice. Thus, the mechanism(s) of depression of these mitogenic responses in the course of this infection remain to be explained.
The observation that suppressor cells for the acute proliferative response are induced in cultures of normal T cells does not exclude a role for splenic T-suppressor cells in regulation of immune responses in vivo in schistosomiasis japonica. Indeed, we have found that the adoptive transfer of Lyt 2+ splenic T cells from the spleens of 10-week-infected mice to acutely infected mice reduces granulomatous inflammation and the level of portal hypertension in the recipients (G. R. Olds and A. B. Stavitsky, submitted for publication).
Granulomatous inflammation in both schistosomiasis japonica (23; A. W. Cheever, J. E. Byram, and F. von Lichtenberg, Parasite Immunol., in press) and schistosomiasis mansoni (31) is largely cell-mediated. In both diseases this inflammation is spontaneously down regulated by Lyt 2' T cells (3; Olds and Stavitsky, submitted). Suppressor T cells are induced in vitro upon addition of SEA to splenic T cells from hosts infected with either parasite (4; this study). The major difference noted thus far is the demonstration of humoral (IgGl-mediated) inhibition of granulomatous inflammatiQn and of in vitro SEA-evoked SC blastogenesis (12) in schistosomiasis japonica (22; D. G. Colley; personal communication), but not in schistosomiasis mansoni.
Our studies suggest a complex picture of immune regulation of the in vitro proliferative response of SC to SEA, depending upon the presence of optimal concentrations of SEA and optimal numbers of T-suppressor cells either derived from the culture of normal splenic T cells or apparently preformed in the spleens of infected mice. Immune regulation in vivo presumably is even more complex. The availability of purified egg antigens, monoclonal antibodies to these antigens, and more homogeneous T-and B-cell subpopulations better characterized functionally and antigenically, should permit more incisive and reproducible studies of these regulatory mechanisms.
